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Are There Policy Tunnels for China to Follow?
Jan Kunnas1 and Timo Myllyntaus2
Abstract
According to the controversial “environmental Kuznets curve” –hypothesis (EKC), some
pollution would follow an inverted U-curve related to incomes, increasing at low income
levels and decreasing at high income levels. Mohan Munasinghe argues (in a
gerschenkronian way): “that developing countries could learn from past experiences of the
industrialized world by adopting measures which would permit them to ´tunnel´ through the
EKC, providing a possibility to avoid the most serious damage to the environment by
avoiding the peak before a downturn of the emissions...” In our presentation, which is based
on a comparison of Denmark’s, Finland’s, Sweden’s and Switzerland’s carbon dioxide
emissions; we will examine China´s possibility to tunnel through its emissions of carbon
dioxide.
With cumulative carbon dioxide emissions over the period 1870–2003 half that of
Denmark’s or two thirds of Finland's or Sweden’s, Switzerland seems, at a first glance, to be
a fine example of a munasinghean policy tunnel. Switzerland’s carbon dioxide emissions per
capita were, however, in 2003 around 30 thirty per cent higher than global average and up to
fifty per cent higher than those of China. As, in fact all industrialized countries are emitting
carbon dioxide in quantities which can be considered well beyond their fair share of what can
be considered as a sustainable global emissions level, there is at present no examples for
developing countries to follow in order to tunnel through. Thus, our paper supports unilateral
cuts in greenhouse gases, such as those agreed during the Spring Council meeting of EU
heads of government in March 2007.
The attractiveness of the Swiss model depends also whether nuclear energy is
considered desirable. The Chinese Three Gorges Dam – project, displacing over a million
people, also shows that even hydro power can create large problems. If China would consume
as much electricity per capita as Switzerland and produce it with the same means, this would
require around sixty three gorges dams with an capacity of 85 TWh/a and six hundred
medium sized nuclear power plants producing 7 TWh/a. In other words, China would need to
build more new nuclear power plants than is at present in the world in total. It is also
questionable whether a Swiss development path is possible worldwide, as its low energy
consumption is due to a production of highly specialized and expensive products. At least it is
not achievable with present consumption patterns in developed countries.
1. Introduction
In the early 1990s, Gene M. Grossman and Alan B. Krueger (1992), Nemat Shafik and
Sushenjit Bandyopadhyay (1992), Theodore Panayotou (1993), Thomas M. Selden and
Daqing Song (1994) proposed that some pollution would follow an inverted U-curve related
to incomes, increasing at low income levels and decreasing at high income levels. Such a
relation was named “environmental Kuznets curve” (EKC), after the similar theory of income
distribution proposed by Simon Kuznets (1955). According to Anton Naiman and Geoff
Antrobus (2005): “The main divergence in the EKC literature is between optimists, who take
the EKC as implying that economic growth is ultimately good for the environment; and
critics, who point to a number to a number of flaws evident in deriving the EKC or advocate
caution in interpreting its causes and implications.”
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Figure 1. Tunnelling through the environmental Kuznets curve using sustainable strategies.
Based on M. Munasinghe, Is environmental degradation and inevitable consequence of economic growth:
tunnelling through the environmental Kuznets curve. Ecological Economics, vol. 29 (1999) 89-109.

Figure 1 illustrates the assumed relationship between Gross domestic product per
capita and environmental degradation, pollution or resource depletion. Point A illustrates a
pre-industrial economy with a low level of per capita income, where one might expect rather
pristine environmental conditions relatively unaffected by economic activities. Along with
industrialization and economic growth increasing use of natural resources and emission of
pollutants causes increasing environmental degradation. After a peak in environmental
degradation (B), the declining part of the curve is finally reached. In the final stage
complementary reasons, like a growing ability and willingness to pay for a better
environment, cleaner technologies and a shift to information and service-based activities are
expected to result in reduced environmental degradation. (Munasinghe 1995 & 1999.)
Kunnas and Myllyntaus (2007) add that the severity of environmental degradation might
itself create a turning point for the emissions.
Mohan Munasinghe (1999) argues: “that developing countries could learn from past
experiences of the industrialized world by adopting measures which would permit them to
´tunnel´ [C—D] through the EKC, providing a possibility to avoid the most serious damage
to the environment by avoiding the peak before a downturn of the emissions...” We will
examine this argument at the end of this paper.
We start our paper by comparing Denmark’s, Finland’s, Sweden’s and Switzerland’s
carbon dioxide emissions for the period 1870 to 2003 using our own emission calculations
(Kunnas and Myllyntaus 2007 & 2008) . These emission estimates are compared to the
widely used estimates compiled by the Carbon Dioxide Information Analysis Center
(CDIAC) at Oak Ridge National Laboratory (Marland et al. 2005). We put forward some
explanations for possible differences in these different estimations and attempt to evaluate
whether differences are substantial. In the second part of this article we use the same
emission data to examine the relevance of the environmental Kuznets curve hypothesis in the
case of carbon dioxide emissions. Our particular concern is how the cumulative character of
carbon dioxide emissions affects the validity of the hypothesis. We also check whether the
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differences between the emission estimates presented in the first part of the article are
substantial enough to alternate the outcome. Then we can finally close our paper with a
critical examination of Munsinghe´s policy tunnel; Are there policy tunnels for China to
follow?

2 Annual Carbon Dioxide Emissions and Carbon Efficiency
We start our paper by comparing Denmark’s, Finland’s, Sweden’s and Switzerland’s carbon
dioxide emissions for the period 1870 to 2003 using our own emission calculations (Kunnas
and Myllyntaus 2007 & 2008) . The rational for choosing these four countries is similar high
dependence on energy imports and industrial exports, while their economies transformed
from agrarian to industrial and finally service-oriented within fairly short time spans. In
addition, these countries resemble each other because of their similar corporatist
democracies, comparable welfare states with high GDP per capita (21 000 – 23 000 $ per
capita purchasing power parity in the year 2003) and a fairly small population (5-9 million
inhabitants).
We are comparing our emission calculations to the estimates for the same countries
made by Gregg Marland, Tom Boden and Robert J. Andres (2005), at the Carbon Dioxide
Information Analysis Centre (CDIAC) of the Oak Ridge National Laboratory. This
comprehensive database on global, regional, and national CO2 emissions has been widely
used due to its easy availability and regular updates. Its calculation methods have been
presented in the Tellus-journal (Andres et al. 1999 & Marland and Rotty 1984). Usually the
figures from the database are used as such without critical evaluation about the validity of the
data. We put forward some explanations for possible differences in these estimations and
attempt to evaluate whether differences are substantial.
To make the emissions in different countries comparable despite the different size of
population, we present the emissions in per capita terms. Figure 2 indicates that Sweden and
Denmark had a very similar development of carbon dioxide emissions per capita until the
mid-1970s, after which Sweden’s emissions dropped fast. Finland had the slowest emissions
growth until the end of the Second World War. Since then Finland switched from fuel wood
to fossil fuels and that made the country’s emissions to grow exceptionally fast.
Consequently, its emissions per capita passed those of Switzerland by the mid 1960s, those of
Sweden by the end of the 1970s and recently also those of Denmark.
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Figure 2. Carbon dioxide emissions per capita in Denmark, Finland, Sweden and Switzerland, 1870—
2003
Sources: Kunnas and Myllyntaus 2007 & 2008; UNFCCC 2006; Johansen 1985; Det Statistiske
department 1915 – 1976; Etemad & Luciani 1991; Danish Energy Agency 2002; Kander 2002; Mitchell
1992; Conseil Suisse de l'Energie 2001.

In 1870 Finland had the second largest carbon dioxide emissions per capita, of the
countries in the sample, with 700 kg per capita. It was surpassed only by Denmark’s 770 kg
per capita. Sweden’s 280 kg per capita and Switzerland’s 300 kg per capita was less than half
of Finland’s emissions. Finland’s relatively high emissions per capita at the beginning of the
time series, although it had the smallest gross domestic product 1 100 Geary-Khamis dollars
per capita in 1870, compared to 1 700 - 2 100 $ for the other countries in the sample, is
explained by burning cultivation of peatlands. Consequently, it also explains Finland's flat
emission development path at the end of 19th century and early 20th as the withering away of
burning cultivation of peatlands counteracted increasing use coals and petroleum products
(Kunnas 2005). Our sources for the other countries do not include this peat consuming
cultivation practise. Its inclusion might increase 19th century emissions substantially for, at
least, Sweden and Denmark. Such calculations are though not available.
Figure 2 is drawn based on our calculations, but if the CDIAC data was used, it would
not make substantial differences in the shapes of the curves, except for Finland where our
calculations shows 5-30 fold higher emissions in the 19th century. The main reason for this
considerable difference is the above mentioned burning cultivation of peatlands, which is not
included in the CDIAC calculations. While burning cultivation of peatlands were declining in
the beginning of the 20th century and coming to an end by 1940, also the difference between
our calculations and the estimates by Marland et al. indicates a clear convergence.
From 1870 to 1913 Sweden's and Switzerland’s carbon dioxide emissions grew at an
annual rate of almost 5 percent, while Denmark’s annual growth rate was 3 percent. Finland’s
emissions, on contrary, grew at only a half percent a year. Thus by 1890 both Sweden's and
Switzerland’s emissions surpassed Finland’s and at the eve of the Second World War their
emissions were more or less on the same level than those of Denmark.
Christian Pfister (1998) has described a shift from the moderate use of energy to the
extensive use of fossil fuels and a simultaneous change from sustainability to mass
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consumption as the “syndrome of the 1950s.” Our sample gives only partial support for this
notion. On one hand, Finland's growth of carbon dioxide emissions soared from a mediocre
0.4 percent per year in the period 1870 to 1950 to 5.2 percent in the 1950s and Switzerland’s
emission growth doubled from 2.1 percent to 4.5 percent. On the other hand Sweden's carbon
dioxide emissions had only a small increase in the growth speed, from 2.6 percent a year in
the period 1870 to 1950 to 3.4 percent in the 1950s and Denmark’s emission growth halved
from 2.3 percent to 1.2 percent. Rather we could speak of a “syndrome of the 1960s” – In the
1960s Sweden's carbon dioxide emissions annually grew 6.1 percent, Denmark’s 6.4 percent,
Switzerland's 5.5 percent and Finland's 10.6 percent!
Interestingly this phenomenal growth slowed substantially down in all of the countries
in the sample except for Finland already in the beginning of the seventies before the oil
crises. Finally the oil crises slowed also Finland's emission growth, but it was the only
country in the sample with growing emissions in the 1970s. From 1970 to 1979 Finland's
carbon dioxide emissions grew 2.7 percent a year, while Sweden’s emissions diminished 1.4
percent, Denmark’s diminished 1.3 and Switzerland’s diminished 0.2 percent a year.
Finland's faster emissions growth than the two other Nordic countries in the sample
gets an explanation, when we compare the carbon efficiency of the countries. From the
Figure 3 below, we can see, that in the beginning of the 1950s, Finland's carbon dioxide
emissions per unit of GDP, were only half of that of Sweden and Denmark, although already
substantially larger than those of Switzerland. Thus the faster emission growth than the other
Nordic countries continuing until the oil crisis can be considered as a catch up.
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Figure 3 Emissions of carbon dioxide per 1990 Geary-Khamis dollar of GDP in Finland, Denmark,
Sweden and Switzerland, 1870 to 2003
Sources: Figure 2 & Maddison 2007

Switzerland’s development in carbon efficiency in the late 19th century and early 20th
century mirrors Finland's, as Switzerland had increasing carbon dioxide emissions per unit of
GDP until 1913 and thereafter decreasing unit emissions until 1945. It was among the first
countries in mainland Europe to industrialize in the beginning of the 19th century. Initially its
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industrialization was coal driven, but at the end of 19th century it started to utilize its
hydropower resources. Thus in 1882 water power represented almost 70 per cent of installed
power capacity in Swiss factories (Paquier 1998a: 387). In 1888, 66 per cent of the primary
energy used by industry was derived from water power, by 1911 its share had increased to 76
percent, and in 1929 it was as much as 92 per cent (Paquier 1998b: 735). Its industry also
took a completely different trajectory from the start with a concentration on highly
specialized and expensive products. According to one study of pre-war export trade
established the average value of a ton of Swiss exports at 1 500 francs compared to 140
francs for a ton of German exports. From 1913 to 1924 Switzerland’s three most important
export products were watches and clocks, silk fabrics, and machinery and motor cars (Jones
1926). In 2004 the three most important industries produced chemicals, machinery and
electronics, and instruments and watches (Swiss Federal Statistical Office 2005).
Since the first oil crisis to 2003 all of the countries in the sample, have had a more or
less constant increase in the carbon dioxide efficiency of the economy as a whole measured
by kg of carbon dioxide emitted per $ of GDP. Though only in the case of Sweden, the
efficiency growth have been enough to counteract the continuing GDP growth and turning the
emissions to a considerable decrease. From 1973 to 2003 Sweden’s carbon dioxide emissions
per capita declined 2.7 percent a year, while the emission path was more or less flat in the
other countries.
3 Environmental Kuznets Curve and Cumulative Emissions
By replacing the time dimension on the x-axis with the gross domestic product, we can
compare emissions per capita at different levels of Gross Domestic Product. At a GDP level
between 2000 and 5000 Geary-Khamis dollars per capita, Finland’s emissions per unit of
GDP are at the same level as in Switzerland. At the level of GDP per capita around 6000 $,
Finland catches up with Sweden, and at 8000 $ with Denmark.
Finland’s relatively low carbon emissions dollar of GDP compared to the other Nordic
countries in the sample, between 2000 and 5000 dollars per capita, is due to the fact that its
initial GDP growth was mostly based on wood and water power. An increased industrial use
of wood was possible due to an improvement in space heating efficiency due to new stove
technology tripling the average thermal efficiency, and a fading slash-and-burn-cultivation
(Myllyntaus and Mattila 2002, Kunnas 2005).
Sweden had even more abundant wood and water resources, but it also had some
domestic coal resources. In contrast, Denmark had less wood resources because it land
territory was a smaller and it was more densely populated, and a low elevation feeding the
rivers. As a result, it had to fuel its economic growth by imports of coal and liquid fuels from
the start.3

3

Nowadays Finland have a forest land area of 22 500 hectares (73.9 % of land area), Sweden 27 528 ha (66.9,
Switzerland 1 221 ha (30.9 %) and Denmark 500 ha (11,8 %). (FAO 2006.)
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Figure 4. Carbon dioxide emissions per capita related to income level of a fixed price level in Denmark,
Finland, Sweden and Switzerland, 1870 – 2003
Sources: Figure 2 & Maddison 2007

The environmental Kuznets-curve hypothesis proposes that some pollution or measures
of resource use or environmental degradation would follow an inverted U-curve related to
incomes, increasing at low income levels and decreasing at high income levels. All off the
countries in the sample have a stagnation of emissions growth at high income levels, but only
Sweden’s emissions turn to a substantial decline at high income levels in accordance with the
hypothesis.
At an income level of 18 000 $ Swedish emission drops to the same level as
Switzerland’s, or around 60% of Finland's and Denmark’s. The main reason for the
downward turn in Swedish emissions is nuclear power, and it can be argued, similarly to
Gilbert Plass who were among the first scientist raising alarm of climate change, whether this
is a genuine environmental improvement or transition from one environmental problem to
another. In 1956 he wrote: “It is interesting that two of the most important methods available
at the present time for generating large amounts of power have serious disadvantages when
used over long time intervals. The burning of fossil fuels increases the temperature of the
earth from the carbon dioxide effect; the use of nuclear reactors increases the radioactivity of
the earth. It is difficult to say which of these effects would be the less objectionable after
several centuries of operation.”
So far we have, however, only considered emissions for a single year although carbon
dioxide emissions are cumulating to the atmosphere. Since the beginning of industrialization
to present the concentration of carbon dioxide in the atmosphere has been increasing from
about 280 to 380 parts per million. There is now a clear scientific consensus that the
increasing atmospheric concentration of carbon dioxide and other greenhouse gases resulting
mainly from human activities are causing global mean surface temperatures to rise. This
again is predicted to cause among other things rising ocean levels, the extinction of animal
and plant species and increasing extreme weather conditions (IPCC 2007).
When we, instead of annual emissions, take a look at cumulative emissions per capita
from 1870 to present, the outcome, as presented in Table 1, is much different. Switzerland
with its linear emission-income relation has the clearly smallest cumulative emissions;
followed by Finland which emission development path does not either have a downward
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slope at high income levels as suggested by the EKC-hypothesis. Sweden had the second
largest cumulative emissions after Denmark, despite its emissions follow an inverted U-curve
as proposed by the environmental Kuznets-curve –hypothesis. Our conclusion is thus that in
the case of carbon dioxide emissions and other cumulative pollutants, focusing on yearly
emissions can be utterly misleading.
We can also see that from a cumulative perspective, Finland’s manifold emissions in
our calculations compared to Marland et al. (2005) in the late 19th century are irrelevantly
small, as they are mainly related to the increase in emissions caused by the later phases of
industrialisation in the 20th century. Emissions of pre-industrial and early industrial periods
have a minor significance compared to those of the past sixty years.4
Table 1.
Cumulative carbon dioxide emissions per capita in Denmark, Finland, Sweden and
Switzerland, 1870 – 2003 (1000 kg)

Denmark

Sweden

Finland

Switzerland

Kunnas & Myllyntaus

626

485

453

313

Marland et al.

615

451

422

310

Sources: See Figure 2 & Marland et al. (2005)

Over the past 200 years the oceans absorbed about a half of the total carbon dioxide
emissions from fossil fuels and cement manufacturing (Sabine et al. 2004). This buffer has,
however not been a free lunch. When carbon dioxide dissolves in seawater it forms a weak
acid called carbonic acid. Because of this chemical process the average pH of the oceans has
decreased by 0.1 unit from pre-industrial levels, and an exponential decrease of nearly 0.8 pH
unit is forecasted by 2300. Experimental evidence indicates that this could have major effects
on calcifying marine biota, such as calcareous plankton and coral reef communities. (The
Royal Society 2005, Caldeira and Wickett (2003, Orr et al. 2005)) Thus the absorption of
carbon dioxide has not been a genuine environmental improvement, and has therefore not
been considered in this paper.
4. Policy Tunnels or Just Levelled Slopes
Now we can finally return to Mohan Munsinghe´s (1999) argument: “that developing
countries could learn from past experiences of the industrialized world by adopting measures
which would permit them to ´tunnel´ through the EKC…” Graphically Munasinghe´s
argument goes that developing countries could go through a policy tunnel (C–D) to point D, a
society combining high per capita income with low levels of environmental degradation,
without passing through point B associated with a high peak in environmental degradation.
This new point should preferably be under some safe limit beyond which environmental
damage could become irreversible.

4

Mark T. Heil and Thomas M. Selden (2001) calculated, based on an earlier Oak Ridge database, that the
cumulative worldwide emissions for the period 1881 to 1990 equaled 212 billions tons of carbon, while their
projection for the period 1991 to 2100 with equal duration was approximately 1500 billion tons of carbon.
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Figure 5. The environmental Kuznets-curve with a policy tunnel, and a levelled slope

With cumulative emissions half that of Denmark’s or two thirds of Finland's or
Sweden’s, Switzerland seems, at a first glance, to be a fine example of a policy tunnel,
tunnelling through the environmental Kuznets –curve Switzerland’s (and Sweden’s) carbon
dioxide emissions per capita were, however, in 2003 around thirty per cent higher than global
average and up to fifty per cent higher than those of China (Marland et al 2005).
This can be compared to EU's goal of keeping the rise in global temperatures to below
2°C compared to pre-industrial level, which would require global emissions to be reduced by
up to 50% compared to 1990 by 2050 (Commission of the European Communities 2007).
Thus neither Switzerland or Sweden are on the point D, but rather on point E, below the
highest point of environmental degradation, but still way over the safe limit. As the per capita
emissions of carbon dioxide are above the global average in all 27 high-income OECD
countries, they provide no examples for China to follow in order to tunnel through. Their
example allows so far only levelling the slope to point E.5
The attractiveness of the Swiss model depends also whether nuclear energy is
considered desirable. The Chinese Three Gorges Dam –project, displacing over a million
people, also shows that even hydro power can create large problems (Heggelund 2006). If
China would consume as much electricity per capita as Switzerland and produce it with the
same means, this would require around sixty three gorges dams with an capacity of 85 TWh/a
and six hundred medium sized nuclear power plants producing 7 TWh/a. In other words,
China would need to build more new nuclear power plants than is at present in the world in
total; In August 2007 there was a total amount of 439 nuclear reactors in operation worldwide
(IAEA 2007). It also questionable whether a Swiss development path is possible worldwide,
as its low energy consumption is due to a production of highly specialized and expensive
products. At least it is not achievable with present consumption patterns in developed
countries.
All energy forms have ecological consequences, although their impacts vary to a great
extent. Therefore we support Gunter Schaumann´s (2007) notion that from an ecological view,
5

For a more hopeful story see: Brajer, Mead, and Xiao (2007).
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the reduction of the “energy consumption” is the priority goal, and the reduction of carbondioxide emissions again only a partial goal. If the present day developing countries could
repeat Finland's “energy less” growth which continued until the First World War, this could
buy us time, during which the developed countries would lower they energy consumption and
develop as environmental friendly means as possible to provide the remaining needs for
energy, there would be a genuine chance for developing countries to tunnel through the
environmental Kuznets curve straight to a sustainable emission level.
The accomplishment of this goal requires technology transfer to developing countries.
This should, however, not focus on high-tech only; it should be remembered that Finland's
initial energy less growth was achieved by a technology which can be considered quite
primitive from present day perspective, although it was revolutionary indeed at the time being.
The suitability of a technology is more important than how advanced it is (Kunnas 2006).
Unilateral measures to curb climate change could provide an example for later comers
to follow, allowing them to tunnel through the peak emissions. Thus, our paper supports
unilateral cuts in greenhouse gases, such as those agreed during the Spring Council meeting
of EU heads of government in March 2007. In the case of ozone depleting substances the
United States took the lead without waiting for actions by the European Community, the
forerunner of the European Union. Thus it managed by its own example overcome the
scepticism and opposition of regulatory measures by EC, which eventually followed the
example (Sunstein 2007). This time it is perhaps the European Union’s turn to take the lead.
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